A kinetic colorimetric assay procedure is described for measuring lactate dehydrogenase activity, in which the reduction of NAD is coupled to the reduction of a tetrazolium salt, 2-p-iodophenyl-3-p-nitrophenyl-5-phenyl tetrazolium chloride (INT), with phenazine methosulfate serving as an intermediate electron carrier. The molar absorptivity of the formazan of INT was found to be 19.3 X io at 503 nm, which provides a threefold increase in sensitivity over the ultraviolet (340 nm) kinetic assay. The results correlate well with those obtained by 340-nm kinetic methods and the procedure does not require an ultraviolet spectrophotometer.
The method is simple, rapid, and does not rely on secondary enzyme standards.
It requires only two reagents, which are stable. The tetrazolium salt is significantly reduced in the absence of lactate. Figure 1 shows a recording of the test and blank reactions for a fresh normal serum. The exact nature of the blank reaction remains somewhat obscure. The rapid initial increase in absorbance, which takes about 15 s, is presumably caused by preformed reducing substances-such as ascorbic acid-in the serum. The extent of this increase varies a lot from one sample to the next. It is followed by a gradual and constant increase in absorbance, which is quite uniform from one sample to the next and appears to be a reaction between protein and the reagents. Instability of the combined reagents under the conditions of the assay cannot be excluded.
However, this would be difficult to establish, since protein is required to maintain the formazan in colloidal suspension. The reaction is nonenzymatic, as it also occurs if serum is replaced with a solution of bovine serum albumin. Fig. 3 . Correlation between results of kinetic colorimetric assay and those obtained by ultraviolet kinetic assay of Wroblewski, for 64 random sera indicate a higher molar absorptivity than they reported and suggest that they erroneously used the molecular weight of the formazan (471.3) rather than that of INT (505.7) in their calculations.
They found an absorbance of 1.13, which gives an apparent molar absorptivity of 17.14 X 10 (1.13 X 505. U/liter = (.A/min X 1.3/0.0193 x 0.1) -16 Table 3 shows that 20-, 50-, and 100-pi samples of serum all gave the same lactate dehydrogenase activity in U/liter.
The experiment also shows that the blank reaction is not directly related to protein concentration.
Normal Range
Thirty-six fresh normal sera, assayed in duplicate, gave a mean value of 84 U/liter (SD, ±18 U/liter). The standard deviation for the duplicate assays was 1.8 U/liter. The normal range (2 SD from the mean) was 48-120 U/liter. 
Correlation Studies

Discussion
Because high-quality tetrazolium salts are available and the molar absorptivity of the formazan has been established, secondary enzyme standards are not required and the basis is provided for a kinetic colorimetric assay for lactate dehydrogenase. A similar procedure has recently been reported (6) This procedure is based on several assumptions:
(a) that the molar absorptivity of NADH is correct and the absorbance of the solution was precisely known, (b) that the reaction goes to completion in the presence of a large excess of NAD, and (c) that the formazan is completely in solution. The apparent uniformity between lots in calculated molar absorptivity is most probably a result of having used an excess of INT and the same NADH solution throughout.
They found higher and more variable molar absorptivities when they added 0.1 mg of INT to 3.0 ml of buffered ascorbate with albumin. Their own data add considerably to the total volume. If it did, the molar absorptivity would be even higher. Nachlas et al.
(1) obtained significantly more formazan from INT with PMS as the electron transfer agent than with diaphorase.
They also showed the importance of protein in maintaining the formazan in colloidal suspension. The validity of the kinetic assay performed without secondary enzyme standards depends on accurate knowledge of the molar absorptivity of the formazan, the figure having been obtained under conditions that maintain the formazan in stable colloidal suspension.
The regression equation in Figure 2 suggests that a 5% greater estimate of lactate dehydrogenase activity will be obtained by the tetrazolium-coupled procedure than by the 340-nm procedure. The latter activity was calculated on the basis of an assumed molar absorptivity of 6.22 X 10 for NADH. Schales (7) has recently reported that with the Gilford 300-N spectrophotometer, NADH can be underestimated by 5.5%, the apparent molar absorptivity being only 5.87 X 10g.
